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ABSTRACT

This report documents the data obtained duri_ _Ind tunnel test

0_70B/C, & transonic verification test program run in the Langley

Resee.-_h Center 16-ft. transonic wind tunnel usi_ two .02-scale hi-

fidelity models of the Sl_Ce shuttle orbiter.

_he basic objectives of this program were to verif_

1. Lo_itudtual and lateral/directional force and moment
characteristics

2. Control surface effectiveness and h_e moments

3. Examine the efTect of tunnel blockage and shock
re_ecttons on the above characteristics

Testi_ was conducted over a M_ch number range 0.6 to 1.3 with

Reynolds numbers w_-latlons between 3.1 and 3._ x 106 per foot. The _est

program included investi_tons to evaluate tunnel flow ansu]Arity and

blookqe. Math ramps were run to help es_b]_sh data validity near Maoh

1.0_ tO oc_e with .0_-Scale model Mach ramp da_, 0A270A, and OAI_SA

previously measured in the Ames 11-ft. transonic tunnel. Elevon oontrol
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I: ABSTRACT (Concluded)

I surface hinge moments were obtained from instrumented hinge moment beams

in the right hand elevons.

This report contains 0A270C plotted data and OA270B/C tabulated

source data. OA270B plotted data are presented in the OA270A data report

(DMS-VR-2430).
a
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m_

PLOT

S speed of sound; m/sea, ft/sea

ABK fUselsge "osse ares asst_TAed to pz_ssul'e tsp K, ft. 2

Ac l_elsge base 8t1_ as_t7 area, ft. 2

" bv Wind referenae spa_, in. Used to nondtmenstomsl/Se
yaw£ng mud rolXtng moments.

Ck CA ax_1-force aoef_Iclent; axlel forceqS

CAb CAB base-force coefficient; base force .Ab(iro.poo)qSqs

CAC CAC St_ cavity arlal f_,ae coefTlatent. St_
o&Tlty pressure is adjusted to an ave_e base
pl_eSS_e,

CAr CAF forebody axlal force coefficient, CA - CAb

CAU CAU axial force coefficient, unadjusted

CD CD dr_ coefficient; dq_

CUb CUB bs_e-dz._ aoefl'_lcien_; base dr_qS

CDf CDF forcbody dr_ coefficient; CD - CDb

CheI CHEI _j_boaxd elew_n h_e moment eoeff_alent

Che0 CHEO outboard elevon hi_e me,cent coefficient

ChSB speed brake hinge mc_,ent coefficient

1tf_
CL CL ]Aft coefficient; -_-

CBL rolling-moment coefficient;
,4uu

5
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N_LA_ (Contlnued)

PLOT

Ca elm pitcbl_Somoaent coe_tcient; qs jz,

CN CN no--l-force coel_icient; normalqsfOrce.

Cp CP presstu, e coel_icien_j (Pl " P_)/q

oW _ reference MAC, In.

t Cy CY side-force coefficient; side force

qS

8a AILRON Aileron deflection. Positive when L.H. elevcu is
more trailing edge dawn than LH. elevon, degrees.

8Zr BDFLAP Body f4ap deflection. Positive trailing edge
down, degrees.

8e ELEVON Elsvon deflection, average of the four indtviduaX
panel deflections. Positive traili_ edge down,
degrees •

8r RUDDER l__dder deflection in a _ter plane. Positive
trailing edge left, degrees.

Rudder deflection nozm_l to the hinge line.
8rilL Positive trailing edge left, degrees.

!
8 SB SPDBMC Speed brake dei_ec_ion. Angle between the insidefaces of the lei_ and rlght panels, al_ys positive,

degrees •

HazEl inboard eleVon hinge moment, In-lbs

outboard elevon hinge moment, in-lbs

lb LB orbiter body reference length, in.

LID L/n li-to-a  tio; CL/CD

6
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N6RENCLA_ (Continued)

PLOT

L/D_ L/_ z_-to-rore_c_y dz_ _a_io_c_c_

M MA_ Maeh number; V/s

p pressure; N/m2, psf

Po freestream static pressure psfa

q Q(_) _° pressure; Z/2pV_, W/m2, psf

_/L IW/L unit Reynolds number; per m, per ft

OE elevon reference chord, in.

SE elevon reference area, in.2

wing reference aa,ea, ft. 2

V velocity; m/see, _/sec

XCG die,nee from orbiter nose (IML) to model moment
reference center, in.

XCp model center of pressure location in _he nox_l
force direction, relative to _he model nose (IML), in.

a ALPHA e_gle-of-at','_k,de6Teee

/_ B_TA aDgle-of-sidesl/p, degrees

PSI angle of yaw, deg1"ees

PHI angle of roll, degrees

p mass density; kg/m3, slugs/ft3

_eRI ELV-RI right inboard elevon deflection, degrees,
positive trailing edge down

_eRO ELV-RI right outboard elevon deflection, degrees,
positive trailing edge down

7
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NO_%_CLATURE (Concluded)

PLOT
SY_O.__._____MN_ONiC _E_INITIO__,N

S SREF reference area use_ %o reduce force _n_
mo_,entdata to cooff_cien_ form

ABEF, _ LEKF re_'erenceiong_h or wing mean aerodynamic
chord

b BREF wing span or reference span

XMRP moment reference point on X axis
0

YMRP moment reference point on Y axis

ZMRP moment reference point on Z axis

CPBi base pressure coefficient, i varies
from I to i0 (see figure 2C)

8



_ The 0A270 teac program wa_ originally planned a, a Do part teat program to

i compare Cran_onic blockaBe effecC_ on two different 8ire modela. Stability .ridcontrol data and hinge momenta were Co be compared u_in8 a .05-scale model (39-0) *

OA270A. with data from a .02-_cale model (104-0) OA270B. However, durins the i{

: pretest calibrations ic was discovered that the eleven hinge moment boamB (model

!1
104-0) were more flexible than first anticipated. In order not to apply flex- i

, ibilicy corrections tO the force data of OA270B a third model (105-0) was brought I

into the test program on which to perform the rigid model stability and control

tests. All three models are hi-fidelity models built to identical 14414.1 C/C

trajectory num,_rical control lines.

Model 104-0 then became the hinge moment model and test 0A270C was run to

measure the hinge moment data for comparison with the .05-scale ,audel data.

Extensive eleven calibrations were performed prior to testing Co obtain the ele-

ven deflection characteristics. The final eleven position data were corrected

for deflection under lead and gage temperature compensation was applied, since

the facility operates at temperatures up to 180°F.

In order to make the hinge moment comparisons meaningful the .05-scale

model olevons had Co be set to the 104-0 model deflection as deflected under

lead. This became a tedious procedure and would have been impossible had the

39-0 model not been a remote control model.

All four eleven deflections had to be set for every test point for all

alpha sweeps and Math ramps.

Aerodynamic coefficient data presented between freestreamMach numbers of

about 0.98 and 1.07 may be suspect. Measured aerodynamic characteristi,:_ are

affected by tunnel wall blockage and/or reflected shock waves. Therefore, data

in this Math range should be used with caution for diagnostic analysis only.

9
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C_OURA_C_ IWVES_IOA_D(Continued)

qc_onent Definition

E_ Elevoas, :L4_eludi_i_ ele_+o_/elevon a_d eleven/
fuselage gaps.

YR_ Fs£rin_s for the forward oargo bay door
hlnKes, 6 per side.

HG1 Cargo bay door hinges, 13 per side.

M52 CNS peels.

NlO8 Forvard BCS thruster nozzle ports.

NlO9 Main propulsion system nozzles (inner
s_'a_es ent ava_ for S_iUK ¢leszo.nce).

Mll 0 _ nozzles.

NIS.I Aft _CS thruster noSz!es ____dports.

R20 Ibadder, split into left and right speed
brake panels.

V_( Vertical t_Lil.

VTIO Ca_go ba_ vents, 4 per side.

YTll W_/laud1_g gee_ bay vents, 1 _r side.

VT12 Cabin vents, 1 per side.

_TI3 Fo_m_d ROS vents, 1 per side.

_l'l_ A_t _elqe vents, i per side.

_TI5 aMS ROS vents, 1 _r side.

_16 Flipper door vents.

_17 Miscellaneous vents, ports and penetrations.

w131 _1o2 _.

11

00000001-TSB01



/ CO_FIGUP£TION_I_V_STIGATED(Conaludod)

TRIP STRIP DEFI_ITIC_

D_.s_.a_ LoEo O_It

_Location ( .Lto 5._.) S±ze WidthammaammmmD

Wlug .35" 120 .10
Fusel_e 1.3" 120 .10

" Vez't;ical Te£1 .35" 120 .10
CNS Pods 1.3" 120 .10



D
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TEST F_ILI_ U_RDs_ON

The IAugleT 16-Foot Tz_sonic Tu_el ls a s_le return, atmospheric

wind _unnel vl_h an _1" exchs_e for cool_L_. _e s_r excl_e tower

bee adjustable in_e s_d exit valves to provide a sss_ asoun_ of

control over the _%_nel e_r tespe_tu_e. The _x£mum amount of s_r

- exehs_e is approx_tely 20_. The tunnel is povered by two connie,-

rotating fans, 3_ feet in diameter, each driven by a 30,000 horsepovel"

electl-£c motor. The fan blsdes have __xed pitch but theiz, rotational

speed can be _rled from 0 to 366 _ by use of a vs_able frequency

po_e_ suppl_" to the drive motors.

The test sectionis 22 feet long _Ith a 15.5 foot w_de o_on_l

cross-section. _ch corner of the OO_on has & _t_lll_l S_t. The

slots tenmlnate at the diffuser entrance. The test section an_ model

suppor_ system are enclosed :Lua cyltndr_c_ tank 32 feet in dt_eter by

52 feet _ong. Wall divergence angle o_ be remotel_ vexed _ 0° to

0.8°.

Test section f_eest_ condltlons va_ over the fo_ n_nal

raa_es_

Sta_atlon pressure atsospherle

Stagnation te_perature_ OR _i0 to 650

Unit Reynoldsnumber, 1._ to 3.7
_tl_on per foot

Maoh number O.2 to 1.3

D_ns_c pressure, per 58 to 830

]3
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L_ 'I_S_ YACXLT/_ZD_O:_ZON (Conc_.uded)

ModeZs _re moun_e_ on a stl_ suppoz_ s:rBten eonststl_ of a l_-tnah
disaster eyllndrtesl body (o_o vhteh the Stl:_ mounts) supported _ &i

vertical strut c_ntlieve_e8 _ s elrcu_ track under the _unnel floor,

_he strut rotates to yazy :ode1 ang_e-of.st_.k _z_ -5 ° thigh 15°

(Vlth s st_Lsht stinK). The Qenl;er of ro_tion ls st tuulael station 13_

t* (_.25 inches upstream o: the _ltndrlcsl bod_r) ou the t_el eenterlSne, t

_Ls point is at the cen_er o_ _he tuunel vtndov. _he strut does not

I rotate in roll or y_v.
!

Model forces add moments are _easttred 1_ ba_Dces ln_e_l_ mOUnted

I t_ _he node_, and _emt_:e da_ are recorded ca :
Force, pressure,

_etlC tape at a z_mote site using s Beclman 210 System. _he sysl;4m

can stm_taneous_ record 99 eaa3.o_channels oi' data. Dsta sa_ltn_

z_e _n be _w4:ted. An _ersKe o_ :u_ttple samples is norma3._ used _o_

d_4_ _educt_on. D_ a_e reduced usl_ s CI]C6600 series d_l_

computer.

A shsdoWrmph syste:, utilizing divergent light frc_ s high pressure

mercu.t_ lamp t8 a_a£1able. _he 11ght ra_s pass throt_h the tt_nel

fle!d onto "_.e opposite tunnel vail, whto_ serves as a screen. The

resultingshadowis photographed vtth s ca:era utilizingan t2._

_t s shutter speed of 1/150 second.

.......... ....... .......... 00000001 -TSB04



mt_A REmICTX_

Model fore e_d moment data w_s reduaed to coefficient form in botch

body and stability sxe_ system. M_ent data wu reduced about a mment

• eference center correspondi_ to 65_ of the reference bo_7 Xe_h at

WoLo 375. Model angle-of-attack and sideslip vere corrected for suppot-t

hardware deflections and tunnel flov angula_tT. Angle-of-at_ck flow

an_larity was deterained from upright and inverted model runs per_omed

during the conduct of the test. Standard facility corrections vere ap-

plied as required. All model pressure data was reduced to the pressure

coe_ci_ _om (P-P_)/q.

Six-eoaponent body axes data wae computed from balance outputs wAth

axial force being adjusted for the di_gerences between the aversse st_

csviW pressure end an averse base pressure.

" -CAc
where_

= " (_eCavs. - Ce_.) _)CAc

CPIO �CPll
C'PCsvg. = 2

_orebody axial force coefficlen%e were computed by ad_usttn_ the base

pressure to _reestz'ea_n.

CAF" CA- CAS

]5
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m_ _ ]_NCTI0_ (Cont_ued

I_ vhere8

Ceater-ot-pressum locstlon o1" the m_del normal force tins ccRputed aS &

mtto to the reference body lentrth.

Stability axes ¢oe1'_olenl;s CL and CD 1fete _:i_ut4d t--z_; bo_ axes

coef_clenU CN sad t, ota_. OA, ]_xlel l.tl'_-to..d.w_ mt.l.o _ then e(_mted

CL, CD.
Elev_ Kite

_e z'Agh1:hand elevaus vere _ust_ to measure hiuge uu_

dlz_tl,y via a beam vbtoh supports the tndtTtdusl control sur/_e in /

t;orstom oa_r. All other loads are carried by 'two pla£n beea_ bilges

vhleh az_ on the soa_ h:L_e ]_ae of each ooatt_ol s_e. _htts the

output of the hl_e _ment stra£n 8al;es is dtreetl_ propo2,_ona_. 'to 'the

app].1.e_ (hl_e) _t. Detal].s o_ the gs_e/e].e'ron sssembl,y are nhotm

Ele_on hLz_e _nts vere oa3.eula'ted as foil.o'er

v_ere_

Ae(I,o)

16
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I_ Im:INC_ON(Centinued)

Ke(l,o) "- inboa_/outbo_d _e output due to H.M.

CTe(t,o) - Temperature drift calibration factor aVyo

s inboe_d/outboa_l elevon temperature meuured
Te(i,o ) by I. 0. thermocouple

TRNB - ambient temperature

and

HJ4*e(l, o) inboard/outboard elevon hinge
Cle(_.,o) " q_SeOE =cment coertlelem_

Reference dimensions and constants used weres

XC_L _nL

Sv Wlngreferencearea,_t°2 1.076 2690.

Wlngreferencespan,in. 18._3_ 936.68

cv wing rezerence Mac, In. 9._96 _7_.81

MI_ Moment l_erenee Center
X, in. 21.53_ 1076.68
Y, in. 0.0 0.0
z, _n. 7.5 375.0

xCo Len_, nose I_ to _ma, in. 16.77_ 838.68

S e Elevon reference area, in. 2 12.096 302_0.

eE Elevon reference chord, in. 1.81_ 90.7

AC Bue st_ cavity area, ft. 2 .031_ "(8.500

AB1 )ue ares,Tap i, ft.2 .00939 23._75

AB2 Base area, Tap 2, _t. 2 .01318 32.950

17
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[! !

_" .... SCALE SOALE
m m

AS3 _s_ _, _U:)3, _.2 .007_7 18.675

A_ _S,_e area, 'i'sp _, _.2 .00885 _.125

A_5 _se _'e=, Tsp 5, _.Z .0_35 30.875

i° .A_ _ase _rea,Tap 6, _.2 .o_83_ 45.850

AI_T Ba_e area. _p 7, _,2 .02877 71._5

AB8 Base area, Tap 8, f_2 .01376 3_._00

AB9 Base area _ 9, f_.2 .031_. 78.000

"t8

.
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1. SpT8-_-0051, "Pretest lnfozmatton for _ests of the .02-Scale 0rbiter
Vehicle 102 HI-Fidelity Noeel (10_-O) t= *.he F_t_A/La_ 16-Foot _n-
sonic _:Lud_%wnel," dst.ed FebruAW 10, 1_T8.

2. Report n'rT-86_, "Stx-uetu.-sl A_Z3mts for "oheO.02-Sesle _W 8c)-0_,"
_';ed September U, ZFI'T.

3. Zn_,e_Z Le_er ]_-'i'8-02-03, "1_loe.el104-0 .024aaLe Btx.uo'_z.sZ
" .emal,lrs_s,"da',,edFeb_ 'I', 1978.
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......... I|

; TESTCONDITIONS

REYNOLDSNUMBER DYNAMICPRESSURE STAGNATIONTEMPERATUREI

MACHNUMBER ._061FT p_ _ (delpeesFmenheJt) I
i i i

_' .6o 3.1 _.o
i i i

; " .80 3.6 622

i" .9o 3.? 711i, i

•95 I 75o
i

.98 , _o
g.- . i

r 1.o5 815

1°2 ' 880

P 1.3 91o

i

| .

ill i

ill i

im

I

BALANCEUTILIZED: ?.00 x _..022L _ _1'0. _'29

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

NF _..,_ zae ._ *
SF _00_ ._
AF 300 .L_

RM ......

YM  0o0 r,mi i I |

COMMENTS:Aceu.lra_J app:L'Lee ¢o max:_um g&_e e_.l_LelCy.

* Ooefftclenl; tolerances quoted are 1"or the range of dynamo pFeloure
t.esfa_d. See _ble Ill.
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• I

PoSitive Aero Forces. Hinge
Deflection of Angle and Moments _4oment

Rudder, 8r +fl , -_ -Cn -Chr
i

Elevon, 8e -a , -p -C m ('he

Right, 8e R -_ -C! "CheR

Left. 8eL" ,_ .... +Cl -Che L

Aileron, 8a +_ +Cf

Body Flap, 8bf -a , -8 -Cm "Chbf

b. Control Surface DefleetLons
Figure 1. Continued.
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BODYFL,tPDEFT_CNS

e. Elsvon end Body Flap Deflee_teu
Fl_-e 3.. Coao:l.uded.
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e. BaBe Pressure _l_ap Locatlona
2. Continued.
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DATA FIGURES

(0A270C data only are plotted in this data report;
the 0A270B data are plotted in the OA270A data
report - DMS-DR-2_30)
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APPENDIX A

OA270B 'rAB[LAq_,D!I, SOURCE DATA

i
I

I

Tabulations of plotted data are available on request
from Data Management _ •oervIcos.
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APPENDIX B

0A270C TABULATED SOURCE DATA

d

Tabulations of plotted data are available on request I

from Data Management Services. i
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